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Objective:Research on surgical outcomes has focused on technical results and physical morbidity. However, postoperative
psychiatric complications are common and can undermine functional results. High rates of posttraumatic stress disorder
and major depressive disorder have been documented after cardiac events or surgery. These complications are also
expected after abdominal aortic surgery, but their incidence and relevant risk factors in this population have not been
documented.
Methods: We examined the development of posttraumatic stress and depressive symptoms in patients with aortic
aneurysms or occlusive disease, comparing surgical with nonsurgical patients and predicting that surgery and a prolonged
intensive care stay would contribute to the development of psychiatric morbidity. A consecutive sample of vascular
surgery patients (n  109) was recruited 6 months to 2 years after surgery. Data were analyzed by using group
comparisons, regression, and path analyses.
Results: Rates of objectively determined postoperative psychiatric morbidity were extremely high (32%). Surgical patients
were more than four times more likely to develop psychiatric disorders (odds ratio, 4.8; P .02). Being younger, having
increased preoperative blood pressure, and being intubated at the end of surgery were linked to greater rates of psychiatric
morbidity (P < .05), but a longer intensive care stay was not.
Conclusions:New-onset psychiatric symptoms are common after abdominal aortic surgery, and preoperative and surgical
factors were more predictive than postoperative complications and stress, as reflected in intensive care unit stays.
Prospective examination of vulnerability in this model could identify risk factors for stress-related psychiatric morbidity
and help improve surgical outcomes. (J Vasc Surg 2006;43:929-34.)Surgical outcomes are often reported as favorable if
technical results are good; however, loss of indepen-
dence or the capacity for activities of daily living or
complications in the mental or emotional realms can
dramatically undermine functional results. Major depres-
sive disorder (MDD) and posttraumatic stress disorder
(PTSD) are common after major medical illness or sur-
gery and can have profound effects on functional out-
comes.1-4 PTSD can develop after exposure to any life-
threatening event and has been reported after myocardial
infarction (MI), cardiac bypass surgery,5 and acute respi-
ratory distress syndrome (ARDS).4 Up to 19% of patients
receiving bone marrow transplants for breast cancer de-
velop PTSD.6 Depression is also commonly associated
with medical threats. After MI, stress and depressive
From the Department of Psychiatry, University of Michigan,a Psychiatry
Service, Veterans Affairs Medical Center, Ann Arbor,b Section of Vascular
Surgery, University of Michigan,c and the Cleveland Clinic Foundation.d
Supported by the Department of Veterans Affairs Medical Research Ad-
vanced Career Development Award (I.L.) and the National Institute of
Mental Health (I.L.; RO1 MH063092).
Competition of interest: none.
Presented in part at the Fifty-Fourth Annual Meeting of the Society for
Vascular Surgery, June 8-11, 1999.
Reprint requests: Israel Liberzon, MD, UH-9D Box 0118, 1500 EMedical
Center Dr, Ann Arbor, MI 48109-0118 (e-mail: liberzon@umich.edu).
0741-5214/$32.00
Copyright © 2006 by The Society for Vascular Surgery.
doi:10.1016/j.jvs.2006.01.026symptoms are reported by as many as 65% of patients.3
These psychiatric complications undermine physical and
functional recovery and can even undermine survival.7,8
PTSD symptoms after bone marrow transplantation and
ARDS also reduce quality of life,4,6 and stress and de-
pressive symptoms after MI are associated with poor
functional outcomes.2 Identification of risk factors for
psychiatric morbidity in acute medical and surgical con-
texts could facilitate the development of preventive in-
terventions.
The epidemiology of psychiatric complications in
patients who have undergone abdominal surgery for
aortic disease has not been studied. Although most
abdominal aortic aneurysms (AAAs) are small and can be
safely observed for years, discovery of a larger (5.5-cm)
aneurysm can be an unexpected finding that leads rapidly
to a major operation with considerable risks. In some
cases, AAA can be similar to a classic PTSD-type trauma.
Elective operations for AAA repair and aortic bypass in
vascular occlusive disease are less acute but are physio-
logically demanding and frequently require postopera-
tive confinement in a surgical intensive care unit (SICU).
The underlying pathophysiologic process of vascular occlusive
disease—atherosclerosis—may have specific links to depres-
sion.9 Abdominal aortic surgery thus offers a potentially in-
triguing model in which a major surgical procedure (stressor)
is imposed on patient populations that may have differing
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as depression and PTSD.
Although aortic surgery is associated with some risk
(approximately a 5% mortality rate), the immediate out-
comes of aortic surgery are excellent10,11; however, rates of
psychiatric complications and associated functional disabil-
ity are not known. This initial study examined depression
and PTSD symptoms in patients with AAAs or aortoiliac
occlusive disease after aortic surgery and in a comparison
group of conservatively treated AAA patients. The goals
were to document the rates of psychiatric complications,
examine the role of surgery in generating psychiatric mor-
bidity, and explore predictors of outcomes and mediating
pathways. We hypothesized that surgery would be associ-
ated with greater psychiatric morbidity than conservative
treatment and that the heightened medical/surgical stress
associated with more prolonged stays in intensive care
would also be associated with greater psychiatric morbidity.
METHODS
Subjects. Subjects were recruited from consecutive
patients with AAA or aortoiliac occlusive disease returning
to vascular surgery clinics at the University of Michigan for
follow-up. Patients who underwent operations were inter-
viewed at follow-up visits 6 months to 2 years after surgery,
and the rate of consent for participation was high (85%)
in this cohort. Among participating subjects (n 109) who
signed informed consent, 82 patients had a AAA diagnosis,
and 27 had an aortoiliac occlusive disease diagnosis. Sixty-
five patients with AAAs (meanAAA size, 6.1 cm; SD, 1.4 cm)
and 17 patients with aortoiliac occlusive disease were
treated surgically, and 26 patients (all with AAAs 5 cm)
were treated conservatively. There were 80 men and 29
women (age range, 40-84 years; 97% white). Ninety-one
subjects had no psychiatric history, 12 had a history of
major depression, 6 had a history of an anxiety disorder,
and the psychiatric history was not obtained from 3 pa-
tients. Only patients who were unable to complete the
assessment interview as a result of language difficulties or
physical frailty were excluded.
Procedure. After signing consent, subjects completed
paper-and-pencil psychometric scales and were interviewed
by a trained research associate. Instruments included the
Composite International Diagnostic Interview Short Forms,12
a general health outcomes instrument (Medical Outcomes
Study, RAND Corporation Short-Form 36 [SF-36]),13
Michigan Alcohol Screening Test,14 the Impact of Events
Scale (IES),15 a well-validated structured interview for the
assessment of PTSD (Clinician-Administered PTSD Scale;
CAPS16), the Brief Symptom Inventory,17 the Beck De-
pression Inventory,18 and the Spielberger Anxiety Scale.19
Data were also extracted from patients’ medical charts,
preoperative and postoperative notes, SICU notes, and
operative reports.
Data analysis. Our primary dependent (outcome)
variables included psychiatric diagnoses (meeting criteria
for PTSD or MDD according to the CAPS or Composite
International Diagnostic Interview), symptom severitymeasures based on clinician-rated instruments (CAPS and
Composite International Diagnostic Interview), and sub-
jective symptoms and functioning levels based on self-
report instruments (IES-Revised, Beck Depression Inven-
tory, and SF-36). We used several independent (predictor)
variables categorized into time-sequenced blocks (eg, de-
mographic, presurgical, surgical, and postsurgical). Demo-
graphic predictor variables included age, sex, and psychiat-
ric history. Psychiatric history was coded from 0 to 4,
ranging from no history of anxiety or depression to a
previous lifetime diagnosis of both depressive and anxiety
disorders. Presurgical predictor variables included the type
of vascular disease diagnosis (AAA or aortoiliac occlusive
disease), medical comorbidities (diabetes mellitus, chronic
obstructive pulmonary disease, and coronary artery disease/
MI), and physiological measures (presurgical plasma creat-
inine level, diastolic and systolic blood pressure [SBP], and
hematocrit). Surgical predictor variables included time un-
der anesthesia, blood loss volume, and whether the patient
remained intubated after the completion of the surgical
procedure. Postsurgical predictor variables included the
number of days in the SICU, the occurrence of postsurgical
crises (eg, MI, return to the intensive care unit, reintuba-
tion, or acute renal failure), discharge plasma creatinine
level, and initial and peakAcute Physiology, Age, andChronic
Health Evaluation (APACHE) scores in the SICU.
First, we tested whether undergoing surgery was asso-
ciated with increased rates of psychiatric morbidity by com-
paring the relative risk for de novo psychiatric diagnoses
(odds ratio) in surgically and conservatively treated patients
without a history of psychiatric disorders. We then sought
predictors of postoperative psychiatric morbidity by using
regression analyses. Predictor variables were entered in
their time-sequenced blocks to determine the earliest point
at which adequate predictive accuracy was obtained and
whether later variables enhanced accuracy. Logistic regres-
sion was used to examine predictors of the dichotomous
diagnostic variable. Multiple regression models were used
to examine predictors of psychiatric symptom severity and
subjective report outcomes. To reflect the overall burden of
psychiatric symptoms and to capture comorbid states, a
single outcome variable (PTSD/MDD symptoms) was
constructed by summing the total number of PTSD (ad-
justed for symptom severity) and MDD symptoms as as-
sessed by structured clinical interview. Subjective report
measures included psychiatric symptoms (Beck Depression
Inventory and IES-Revised) and general functioning
(SF-36). We also used multiple regression models to exam-
ine predictors of SICU days.
To study potential causal pathways linking predictor
variables to later psychiatric outcomes, we used LISREL
statistical software (Scientific Software International, Lin-
coln, Ill) to examine path models. Sample size did not
allow us to run a single model with all variables simulta-
neously entered, so we sequentially examined smaller
models based on the a priori hypothesis that surgery is
linked to psychiatric outcome through the magnitude of
the stress/trauma; we used SICU days as a proxy for
ey pos
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using presurgical, surgical, and postsurgical variables to
predict SICU days. We then added demographic variables
and psychiatric outcome variables. Path coefficients indi-
cate the strength of causal connections between variables.
Prediction accuracy indicates the amount of variance in the
dependent variable that is explained by the model, with
unexplained variance labeled as “error.”
RESULTS
Surgery and psychiatric diagnosis outcomes
Among the patients without a psychiatric history, 9%
(2/22) of conservatively treated patients and 32% (22/68)
of surgery patients met diagnostic criteria for MDD or
PTSD during the period examined. Patients who under-
went surgery were more than four times more likely than
nonsurgical patients to have a psychiatric disorder (odds
ratio, 4.78; 95% confidence interval, 1.02-22.30; P 
.025). The Table shows demographics and measures of
psychiatric symptom severity and health perceptions (SF-36
scales) for patients without a psychiatric history who were
treated nonsurgically and for surgically treated patients
without a current diagnosis or with diagnoses of MDD,
PTSD, or bothMDD and PTSD. Although all patients had
scores of physical well-being (SF-36 Physical Component
summary) lower than the normative population score of 50
(P  .05), psychiatric morbidity showed a trend of further
reducing perceived physical health. To control for the
potential effects of the time elapsed between the operation
and the interview, we compared incidences in the subjects
interviewed within the first and the second year after sur-
gery. No significant differences in the incidence of psychi-
atric disorders were found between the groups (interviewed
Table. Demographics and psychiatric symptom severity
Variable Age (y) CAPS IES-R
Nonsurgical treatment
No psychiatric
diagnosis (n  20) 68  1.9 6.2  1.3 7.7  3.0
Surgical treatment
No psychiatric
diagnosis (n  46) 70  1.0 6.0  1.1 7.1  1.8
MDD (n  10) 67  3.6 14.4  2.2 15.7  5.6
PTSD (n  7) 60  3.5* 32.3  5.0† 22.5  4.3*
MDD and PTSD
(n  5) 55  5.2* 40.8  10.6† 23.0  12.0
MDD, Major depressive disorder; PTSD, posttraumatic stress disorder; CA
CIDI, Composite International Diagnostic Interview; BDI, Beck Depressio
Corporation Short-Form 36 medical outcomes questionnaire; DSM, Diagn
Data are mean  SD.
Different from the no-psychiatric-diagnosis group (analysis of variance Tukin 1 year, 34%; 1 year, 29%; P  .45).Predictors of postoperative psychiatric problems
Multiple regression. For diagnostic outcomes, de-
mographic, presurgical, surgical, and postsurgical variables
all contributed to the prediction. A logistic regression
model with psychiatric diagnosis (PTSD or MDD) as the
dependent variable was significant as each of these blocks of
variables was added; sensitivity (71%) and specificity (91%)
were optimal after all variables were entered into the model
(P  .05). Age, presence of intubation at the end of
surgery, and surgical blood loss all significantly predicted
psychiatric morbidity; age had the largest regression weight
and made a significant, independent contribution to the
prediction model. It is interesting to note that younger
subjects were more likely to have PTSD orMDD at follow-
up. For psychiatric symptom load as the outcome variable
(total weighted sum of PTSD and MDD symptoms), pre-
dictive value was seen for demographic (P  .01), presur-
gical (P .05), and surgical (P .05) variables, but not for
postsurgical measures—the model lost significance when
postsurgical (SICU) measures were added. The predictor
with the most effect was, again, younger age. In a regres-
sion model predicting functional health status, age was
again a significant predictor of SF-36 scores, with younger
subjects reporting lower levels of general functioning. AAA
size did not correlate with psychiatric symptoms and was
not different in those with psychiatric diagnoses, and pa-
tients with the largest AAAs (7 cm) did not have worse
psychiatric symptoms. To examine potential differences in
predictors of psychiatric diagnoses and symptoms in pa-
tients assessed less than 1 year or more than 1 year after
surgery, separate analyses were performed. Younger age
continued to predict both diagnoses and symptoms in
patients assessed at either time; it is interesting to note that
the presence of intubation significantly predicted psychiat-
ric diagnoses in patients who received a diagnosis more
DSM
DD Sxs
CIDI) BDI
State
anxiety
SF-36
Physical
Component
summary
SF-36
Mental
Component
summary
 0.1 6.8  1.3 32.5  2.6 38.1  2.6 46.3  2.1
 0.1 5.8  1.1 33.3  2.0 42.7  1.3 47.9  1.4
 0.4† 9.5  1.5* 39.3  4.0 38.9  2.3 40.3  2.3*
 0.2 11.4  2.1* 39.4  6.6 36.7  1.8 37.7  4.1*
 0.7† 16.3  0.7* 41.0  1.8 30.7  2.2* 33.5  4.3*
inician-Administered PTSD Scale; IES-R, Impact of Events Scale–Revised;
entory; State anxiety, Spielberger’s State Anxiety Inventory; SF-36, RAND
nd Statistical Manual; Sxs, symptoms.
t hoc test); *P  .05, †P  .005.M
(
0.1
0.1
5.9
0.5
6.4
PS, Cl
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ostic athan 1 year after surgery.
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symptoms and functional health status as outcomes (Fig,
model 1) found that intubation significantly contributed to
more PTSD symptoms and that intubation, PTSD symp-
toms, andmedical crises each had direct, negative effects on
functional health status outcomes (although functional sta-
tus did not influence PTSD symptom severity). Factors that
significantly contributed to intubation included presurgical
creatinine levels and SBP. PTSD symptom severity was also
linked to both age and vascular diagnosis; however, a
separate path model (not shown) found that younger age
was the more salient factor in increasing PTSD symptoms.
We also tested a model to examine the factors contrib-
uting to diagnoses of PTSD orMDD, including intubation
and the length of stay in the SICU as potential mediators
(Fig, model 2). Predictably, the psychiatric symptom load
was strongly linked to a PTSD or MDD diagnosis. Being
intubated at the end of surgery had a significant direct effect
on the psychiatric symptom load and was also an indepen-
dent significant influence on psychiatric diagnosis. Younger
patients and those intubated after surgery had more psychi-
atric symptoms. Presurgical SBP had a strong effect on both
intubation and medical crises—subjects with a higher SBP
were more likely to be intubated at the end of surgery and
to have postsurgical medical crises. A 27mmHg increase in
SPB (1 SD) increased the probability of postsurgical intu-
bation by 73% and increased the probability of a postsurgi-
cal crisis by 59%.
It is interesting to note that, in contrast to expectations,
the length of stay in the SICU did not have any direct link
to psychiatric diagnoses, even though it was significantly
influenced by intubation. We separately examined predic-
Fig 1. Path models for outcome measures of psychia
strength of connections between variables. Single-hea
represent correlations without an assumption about caus
outcome measures. Circles represent observed variables
disorder symptoms (PTSD sxs) and functional level (as re
model for psychiatric diagnosis (PTSD and/or major
PTSD and/or depression (PTSD/Dep Sxs), and length
Root mean square error of approximation; PreSBP, p
creatinine level; intubated, being intubated at the conclutors of length of SICU stay. A regression model found thatdemographic, presurgical, and surgical variables were not
significant predictors, and the model reached significance
only when postsurgical variables were added (P .05). The
best-fitting path analysis model (not shown) found that
being intubated at the end of surgery and having a postop-
erative medical crisis influenced both the length of stay in
the SICU and the APACHE scores, although APACHE
scores did not affect SICU days.
DISCUSSION
When compared with those of conservatively treated
controls, the rates of stress-related psychiatric morbidity
(depression and PTSD) were nearly fivefold higher within 2
years after abdominal vascular surgery (odds ratio, 4.8).
Indeed, the rate of psychiatric morbidity in surgical patients
in this study was 32%, which is substantially higher than
rates observed in the general population and is similar to
the odds ratio for developing PTSD in response to com-
bat.20 This is consistent with the high rates of psychiatric
morbidity reported in patients undergoing other vascular
procedures or experiencing life-threatening medical condi-
tions.4 These high rates of psychiatric morbidity were seen
in the absence of reported prior psychiatric illness, so they
cannot be attributed to stress-related reactivation of pre-
existing disorders. Thus, the data are consistent with the
hypothesis that exposure to surgery itself may be associated
with the development of psychiatric pathology. Although
patients receiving AAA repair operations had larger aneu-
rysms, AAA size did not predict psychiatric outcomes in the
surgical group.
Regression analyses exploring predictors of the postop-
erative course and psychiatric/functional outcomes re-
mptoms and diagnoses. Path coefficients indicate the
arrows represent direct effects. Double-headed arrows
ection. Error terms (E) indicate unexplained variance in
del 1 includes the path model for posttraumatic stress
d in the RAND SF-36 score).Model 2 includes the path
ssive disorder; PTSD/MDD), psychiatric symptoms of
y in surgical intensive care unit (SICU days). RMSEA,
gical systolic blood pressure; creatinine, preoperative
of surgery; crisis, postsurgical medical crisis.tric sy
ded
al dir
. Mo
flecte
depre
of sta
resurvealed somewhat surprising findings. As expected, demo-
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predicted postoperative psychiatric morbidity (PTSD or
MDD diagnoses), predicting 34% of the variance in this
outcome. However, postoperative variables such as postop-
erative complications (“crises”) and length of stay in the
SICU were only weak predictors of psychiatric diagnoses
and failed to predict the severity of psychiatric symptoms.
In contrast, the demographic, presurgical, and surgical
variables that predicted postoperative psychiatric morbidity
did not predict SICU days. Thus, psychiatric outcomes and
SICU days each had different significant predictors. These
data suggest that interactions between specific preoperative
and surgical variables contribute to the development of psy-
chiatric outcomes but that the overall severity of the postop-
erative course—the magnitude of the surgical trauma—does
not. Path analysis models also suggested that the length of
stay in the SICU did not contribute to postoperative psy-
chiatric morbidity.
Of the preoperative variables we examined, younger
age and higher preoperative SBP significantly predicted a
greater risk for psychiatric morbidity. Further work is
needed to understand this relationship. It is possible that
the psychological/emotional experience of disease and sur-
gery is different for younger patients, thus creating differing
expectations that may contribute to psychiatric vulnerabil-
ity. Additionally, clinically most interesting was the finding
that being intubated but having a short stay in the SICU
posed a particular psychiatric risk. These links are intriguing
in light of reports of a very high prevalence of PTSD in
ARDS survivors.4 It is possible that the physiological or
psychological consequences of being awake and intubated
make this experience a particularly potent inducer of psy-
chiatric sequelae. Respiratory threat is considered a specific
activator of panic-anxiety responses,21 and loss of control,
inherent in being ventilated while awake, is known to
contribute to the physiological stressfulness of a stressor.22
No other surgical variables, eg, the duration of surgery or
the volume of fluid or blood replaced, or postoperative
complications significantly predicted psychiatric outcomes.
It thus seems that the specific experience of respiratory
threat or loss of control when beingmechanically ventilated
while awake may create particular vulnerability to stress-
related psychiatric morbidity.
A few caveats must be considered in interpreting these
data. Greater rates of psychiatric disorders in surgical than
in nonsurgical patients suggest that surgery itself contrib-
utes to the emergence of psychiatric morbidity. However,
this finding is confounded by illness severity, because the
conservatively treated comparison group had smaller aneu-
rysms than the surgical group. Additionally, patients were
not examined before surgery, so the development of these
psychiatric illnesses after surgery cannot be confirmed. It
can also be conjectured that patients assessed at later post-
surgical times could have fewer traumatic stress symptoms
related to the operation. However, in this cohort we found
the same incidence of psychiatric diagnoses (approximately
30%) in patients assessed less than or greater than 1 year
after surgery. Furthermore, postsurgical intubation signifi-cantly predicted psychiatric diagnoses in patients who were
assessed more than 1 year after surgery, and this is consis-
tent with the hypothesis that at least some of the psychiatric
morbidity may represent surgical sequelae. Inherent to all
path analyses, the models that “fit the data” are not neces-
sarily exclusionary; rather, each model is one possible ex-
planation for how variables are causally related to each
other.
This study is also limited by the relatively small size of
the cohort (n  109), which makes chance findings more
likely and also prevented us from entering all possible
contributing preoperative, surgical, and postoperative fac-
tors into a single, comprehensive model. We used theory
and regression analyses to select candidate variables, but
this approach may have overlooked important variables.
Finally, considerable variance was left unexplained, both for
the development of psychiatric symptoms and for the
length of stay in the SICU, so there are other predictors
that were not identified. These likely include genetic, phys-
iologic, and psychological factors; further work is needed to
identify these factors.
However, even with these limitations, given the po-
tential importance of postsurgical psychiatric morbidity
on vascular surgical outcomes and the current lack of
information about predictors, this study represents an
important step in identifying factors that influence psy-
chiatric outcomes after aortic vascular surgery. Our find-
ings suggest that rates of postoperative psychiatric mor-
bidity after abdominal aortic surgery are high.
Documenting increased rates of PTSD and depression
after medical events and surgery is the first step toward
improving clinical outcomes through early detection and
treatment. Younger age and remaining intubated at the
end of surgery were two factors that predicted psychiatric
sequelae at follow-up, thus raising the possibility that
remaining intubated is a postoperative stressor that car-
ries particular relevance to psychiatric vulnerability. Al-
though these data must be considered preliminary until
replicated and confirmed, they do suggest an at-risk
profile for postoperative psychiatric morbidity. Further
prospective risk factor work using this surgical stress
model is likely to be illuminating.
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